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INTRODUCTION 


Objective 

The  objective  of  this  report  is  to  (1)  describe  a  portable  data 

TM 

recorder  that  can  be  mounted  on  the  Magnograph  wire  rope  inspection 
device  and  (2)  present  the  results  of  tests  performed  to  evaluate  its 
ef fectiveness  in  inspecting  wire  ropes  that  are  inaccessible  to  close 
visual  inspection. 

Background 

The  U.S.  Navy  has  thousands  of  feet  of  wire  rope  being  used  on  a 
wide  variety  of  weight -hand ling  equipment,  and  every  foot  of  wire  rope 
is  required  by  Navy  regulations  to  be  Inspected.  This  presents  a  prob¬ 
lem  to  inspectors  because  only  the  outside  of  the  wire  rope  is  visible 
for  inspection,  and  often  the  entire  length  is  not  easily  accessible. 

The  traditional  inspection  procedure  calls  for  the  Inspector  to 
visually  inspect  the  wire  rope  for  broken  wires,  corrosion,  and  wear. 

The  inspector  may  use  a  hand-held  rag  around  the  wire  rope  to  snag  (and 
thereby  locate)  broken  wires  (Figure  1).  The  diameter  of  the  wire  rope 
is  also  measured  periodically  with  a  caliper  to  quantify  any  wear. 

This  procedure  often  places  the  inspector  in  a  hazardous  situation  - 
holding  onto  a  moving  wire  rope  in  a  small,  crowded  machinery  space  or 
out  on  a  crane  boom.  A  safer  technique  is  needed. 

Electromagnetic  nondestructive  test  (NDT)  wire  rope  inspection  equip 
ment  is  now  available  that  can  provide  the  technical  data  needed  to  deter 
mine  the  condition  of  a  wire  rope.  This  equipment  provides  an  inspector 
with  the  total  number  of  internal  as  well  as  external  broken  wires  and 
the  total  loss  of  metallic  area  due  to  wear  and  corrosion.  This  infor¬ 
mation  enables  the  inspector  to  determine  whether  the  wire  rope  meets 
minimum  safety  requirements. 
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NDT  wire  rope  inspection  devices  have  been  tested  and  evaluated  by 

the  Naval  Civil  Engineering  Laboratory  (NCEL)  under  the  sponsorship  of 

the  Naval  Facilities  Engineering  Command  (NAVFAC)  and  the  Bureau  of  Mines. 

TM 

Of  those  tested,  the  Magnograph  was  found  to  be  the  most  accurate  while 

TM 

being  the  easiest  to  use  (Ref  1).  The  Magnograph  uses  Hall  Effect 

sensors  and  a  strong,  static  magnetic  field  to  detect  broken  wires,  wear, 

and  corrosion.  The  equipment  normally  consists  of  three  parts:  the 

electronic  module,  the  recorder  module,  and  the  sensor  head,  plus  an 

TM 

accessory  box.  The  Magnograph  was  originally  designed  for  the  inspec¬ 
tion  of  mining  wire  ropes  from  1/2  to  2-1/2  inches  in  diameter. 

As  a  result  of  field  testing  of  NDT  devices  on  large  cranes  (Figure  2), 

it  was  found  that  a  remote  data  gathering  device  would  make  inspection 

TM 

simpler  and  safer.  The  Magnograph  is  usually  supplied  by  the  manufac¬ 
turer  with  a  30-foot  instrumentation  cable  between  the  sensor  head  and 
the  electronic  section.  By  removing  this  connection  and  replacing  the 

cable  with  an  onboard  recorder,  which  is  compatible  with  the  cassette 

TM 

recorder/playback  device  in  the  electronic  module  of  the  Magnograph  , 
the  sensor  head  can  be  used  instead  of  the  supplied  instrumentation  for 
cables  in  hazardous  or  inaccessible  locations.  The  remote  data  recorder 
should  be  small  and  light  enough  to  be  carried  piggy-back  on  the  sensor 
head  and  allow  data  playback  on  the  electronic  and  recorder  section. 

The  development  and  evaluation  of  the  remote  data  recorder  was  performed 
under  sponsorship  of  the  Naval  Facilities  Engineering  Command. 


DESCRIPTION  OF  THE  RECORDER  UNIT 

A  remote  data  recorder  (RDR)  (Figure  3)  was  developed  under  contract 
to  NCEL  to  meet  these  requirements  by  NORANDA  Research.  The  remote  data 
recorder  consists  of  a  unitized  local  fault  (LF)  and  loss  of  metallic 
area  (LMA)  signal  processor,  distance  transmitter  logic,  two-channel  FM 
tape  recorder,  remote  timer  startup  circuitry,  and  a  power  supply.  These 
components  are  housed  in  a  20-pound  package,  which  is  below  the  specified 
maximum  of  25  pounds.  The  RDR's  measurements  (7  inches  wide,  16  inches 
long,  and  5-1/2  inches  high)  allow  it  to  be  clipped  to  the  framework  of 
the  sensor  head  (Figure  4) . 


The  remote  time  startup  circuitry  allows  the  operator  to  start  the 
tape  recorder  either  by  manual  or  auto  start  mode.  Auto  start  sets  the 
recorder  to  start  from  1  minute  to  12.  hours  59  minutes  after  the  RDR  has 
been  turned  on  and  calibrated.  This  feature  allows  the  sensor  head/RDR 
to  be  moved  to  a  remote  or  inaccessible  area  and  secured  before  the  re¬ 
corder  is  started. 

The  RDR  features  a  new  concept  in  calibration,  a  five-position 
rotary  master  switch  for  the  LMA  zero-gain  control.  The  positions  are 
off,  insert  zero,  -10%,  standby,  standardize,  and  run.  Turning  the  mas¬ 
ter  switch  through  these  positions  calibrates  the  electronics  in  about 
30  seconds.  The  resulting  cassette  can  be  removed  at  the  end  of  the 

test,  rewound,  and  played  back  on  the  electronic  and  brush  recorder 

TM 

sections  of  the  Magnograph  ,  producing  a  brush  chart  recording  in  tne 
same  format  and  quality  as  a  test  using  the  sensor  head,  instrument 
cable,  electronic  section,  and  recorder  section  (Figure  5). 


EVALUATION  TESTS 

Acceptance  Tests 

Acceptance  tests  were  conducted  to  determine  if  the  RDR  met  the 

design  specifications:  compatibility  with  the  sensor  head,  display  of 

TM 

data  in  the  same  format  as  the  normal  configuration  of  the  Magnograph  , 

and  operational  endurance.  In  setting  up  the  equipment  for  the  tests, 

it  was  found  that  the  clips  provided  to  attach  the  RDR  to  the  frame  of 

the  sensor  head  were  inadequate  to  support  the  RDR  under  shock  loading. 

These  were  replaced  with  stronger  brackets. 

A  series  of  tests  was  conducted  on  NCEL's  wire  rope  test  track  to 

ascertain  if  the  data  produced  by  the  RDR  were  in  the  same  format  and 

responded  to  broken  wires  and  corrosion  in  the  calibrated  wire  ropes 

TM  TM 

(Ref  2)  as  the  original  Magnograph  .  The  Magnograph  was  run  in  its 
original  configuration  first,  on  the  calibrated  wire  rope  as  a  control. 
The  RDR  was  then  run  on  the  same  calibrated  wire  rope  with  the  same  wire 


rope  speed.  The  two  brush  chart  recordings  were  then  compared  for  detec¬ 
tion  of  broken  wires  and  the  loss  of  metallic  area.  The  findings  showed 
that  the  two  brush  chart  recorders  are  virtually  identical  (Figure  6). 

Operational  endurance  was  evaluated  by  allowing  the  battery  to  run 
down  to  the  "recharge  battery"  indicator  and  then  recharging  as  per  in¬ 
structions  provided  with  the  equipment.  The  RDR,  with  a  fully  charged 
battery,  will  provide  about  4  hours  of  continuous  operation  in  the  record 
mode.  This  is  more  than  enough  reserve  electrical  power  for  a  90-minute 
cassette  tape  (45  minutes  each  side)  and  will  allow  inspection  of  72,000 
feet  of  wire  rope  at  800  ft/min. 

Field  Test 


As  part  of  a  trial  test  for  the  RDR,  and  to  investigate  the  practi¬ 
cality  of  testing  antenna  guy  wires,  a  test  was  arranged  with  the  Naval 
Communication  Unit,  Cutler,  Maine. 

The  guy  wires  at  Cutler,  Maine,  are  located  near  the  ocean  and  are 
subject  to  salt-laden  air.  Also,  during  construction,  several  guy  wires 
were  pulled  across  a  saltwater  marsh  area.  These  guys  appeared  to  be 
rusted  externally,  causing  concern  about  the  strength  of  the  guy  wires. 

The  bridge  strand  guys  on  North  Array  tower  N8,  guy  direction  2, 
(Figure  7),  second  and  third  levels  were  chosen  because  they  were 
thought  to  be  in  the  worst  condition.  Red  rust  on  the  exterior,  along 
with  patches  of  a  silty  sand,  were  visible  along  the  full  length  of  the 
third-level  guys.  The  towers  are  about  800  feet  tall,  with  four  guy 
levels  at  approximately  the  160-,  340-,  525-,  and  755-foot  levels.  Each 
guy  level  has  two  guys  per  leg,  about  8  feet  apart.  This  results  in  24 
guys  per  tower. 

The  sensor  head  with  the  piggy-back  recorder  was  pulled  up  the  guy 
wires  using  a  winch  and  wire  rope  device,  which  was  designed  to  haul 
maintenance  equipment  up  the  guy,  and  pulled  back  down  with  a  tag  line 
(Figure  8).  The  first  setup  was  on  the  right-hand  side  (upper)  guy  on 
level  2;  this  was  the  most  accessible  guy  on  which  to  test  the  hoist 
rigging  and  to  solve  any  problems  in  raising  or  lowering  the  device. 

Guy  level  2  right  (lower)  was  tested  next  as  the  rigging  worked  well. 

Guy  level  3  left  and  right  were  also  tested  using  the  same  type  of  ragging. 
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The  loss  of  metallic  area  (LMA)  of  both  level  2  guys  showed  the 
most  loss  of  steel,  and  in  unexpected  amounts.  LMA  readings  were  large 
(2-1 /2X)  at  10  yards  from  the  anchor  out  to  about  60  yards.  From  60  to 
75  yards  the  LMA  was  about  0%.  The  LMA  changed  gradually  out  to  100 
yards  with  a  maximum  -6%  loss,  then  increased  to  1%  LMA  at  the  tower. 
These  values  assume  the  guy  is  in  good  condition  at  the  60-  to  70-yard 
area.  This  loss  does  not  seem  to  be  directly  related  to  internal  corro¬ 
sion,  as  the  LF  or  LMA  trace  did  not  show  any  significant  pitting  or 
other  corrosion-type  signals.  Level  3  right  and  left  guys  showed  less 
than  1%  LMA  with  minor  pitting. 


CONCLUSIONS 


The  remote  data  recorder  duplicates  the  performance  of  the  Magno- 

TM 

graph  as  used  with  the  instrumentation  cable,  allowing  the  inspection 
of  wire  rope  where  inspectors  cannot  or  should  not  be  allowed  during  the 
testing  of  running  wire  rope. 

The  RDR  can  be  used  in  the  following  wire  rope  inspection  applica¬ 
tions: 

1.  Multiblock  reeving  on  cranes  where  small  spaces  deny  inspectors 
access 

2.  Wire  ropes  in  hazardous  areas,  such  as  unventilated  below-deck 
spaces,  radioactive  areas,  or  areas  where  the  risk  of  explosion 
is  great 

3.  Antenna  guy  wires 
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Figure  2.  Large  crane  in  which  nondestructive  testing  (NDT)  wire  rope  inspection 
indicated  remote  NOT  inspection  would  be  helpful. 
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Magnograph 

Figure  6.  Remote  data  recorder  recording  and  Magnograph™  real-time  recording. 
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DTIC  Defense  Technical  Info  Ctr/Alexandria,  VA 

DTNSRDC  Anna  Lab  (Code  119)  Annapolis  MD;  Anna  Lab  (Code  1568)  Annapolis  MD;  Anna  Lab,  Code 
2724  (D  Bloomquist)  Annapolis,  MD;  Anna  Lab,  Code  4121  (R  A  Riven)  Annapolis,  MD 
FLTCOMBATTRACENLANT  PWO,  Virginia  Bch  VA 
FMFLANT  CEC  Offr,  Norfolk  VA 
FMFPAC  CG(FEO)  Camp  Smith,  HI 

GSA  Assist  Comm  Des  &  Cnst  (FAIA)  D  R  Dibner  Washington,  DC  ;  Fed.  Sup.  Serv.  (FMBP),  Washington 
DC 


HCU  ONE  CO,  Bishops  Point,  HI 
KWAJALEIN  MISRAN  BMDSC-RKL-C 

LIBRARY  OF  CONGRESS  Washington,  DC  (Sciences  &  Tech  Div) 

MARINE  CORPS  BASE  1st  For  Serv  Supp  Gni  (CSS-5)  Camp  Pendleton  CA;  M  &  R  Division,  Camp  Lejeune 
NC;  Main!  Off  Camp  Pendleton,  CA;  PWD  -  Maint.  Control  Div.  Camp  Butler,  Kawasaki,  Japan;  PWO 
Camp  Lejeune  NC;  PWO,  Camp  Pendleton  CA;  PWO,  Camp  S.  D.  Butler,  Kawasaki  Japan 
MARINE  CORPS  HQS  Code  LFF-2,  Washington  DC 

MCAS  Facil.  Engr.  Div.  Cherry  Point  NC;  CO,  Kaneohe  Bay  HI;  Code  S4,  Quantico  VA;  Facs  Maint  Dept  - 
Operations  Div,  Cherry  Point;  PWD  -  Utilities  Div,  Iwakuni,  Japan;  PWD,  Dir.  Maint.  Control  Div., 

Iwakuni  Japan;  PWO,  Iwakuni,  Japan;  PWO,  Yuma  AZ;  SCE,  Futema  Japan 
MCDEC  M&L  Div  Quantico  VA;  NSAP  REP,  Quantico  VA 
MCRD  SCE,  San  Diego  CA 

MILITARY  SEALIFT  COMMAND  Washington  DC 
NAF  PWD  -  Engr  Div,  Atsugi,  Japan;  PWO,  Atsugi  Japan 
NALF  OINC,  San  Diego,  CA 

NARF  Code  100,  Cherry  Point,  NC;  Code  640,  Pensacola  FL;  Equipment  Engineering  Division  (Code  61000), 
Pensacola,  FL 

NAS  AUW  Officers,  Brunswick,  ME;  CO.  Guantanamo  Bay  Cuba;  Code  114,  Alameda  CA;  Code  183  (Fac. 

Plan  BR  MGR);  Code  18700,  Brunswick  ME;  Code  18U  (ENS  P.J.  Hickey),  Corpus  Christi  TX;  Code  8E, 
Patuxent  Riv.,  MD;  Dir  of  Engmg.  PWD,  Corpus  Christi,  TX;  Dir.  Maint.  Control  Div.,  Key  West  FL;  Dir. 
Util.  Div.,  Bermuda;  Lead.  Chief.  Petty  Offr.  PW/Self  Help  Div,  Beeville  TX;  PW  (J.  Maguire),  Corpus 
Christi  TX;  PWD  -  Engr  Div  Dir,  Millington,  TN;  PWD  -  Engr  Div,  Gtmo,  Cuba;  PWD  -  Engr  Div,  Oak 
Harbor,  WA;  PWD  Maint.  Div.,  New  Orleans,  Belle  Chasse  LA;  PWD,  Code  1821H  (Pfankuch)  Miramar, 

SD  CA;  PWD,  Maintenance  Control  Dir.,  Bermuda;  PWO  Belle  Chasse,  LA;  PWO  Chase  Field  Beeville, 

TX;  PWO  Key  West  FL,  PWO  Lakehurst,  NJ;  PWO  Sigonella  Sicily;  PWO,  Dallas  TX;  PWO,  Glenview  IL; 
PWO,,  Moffett  Field  CA;  SCE  Norfolk,  VA;  SCE,  Barbers  Point  HI;  SCE,  Cubi  Point,  R.P;  Security  Offr, 
Alameda  CA 

NASDC-WDC  T.  Fry,  Manassas  VA 

NATL  BUREAU  OF  STANDARDS  Kovacs,  Washington,  D  C.;  R  Chung  Washington,  DC 

NATL  RESEARCH  COUNCIL  Naval  Studies  Board,  Washington  DC 

NAVACT  PWO,  London  UK 

NAVACTDET  PWO,  Holy  Lock  UK 

NAVAEROSPREGMEDCEN  SCE,  Pensacola  FL 

NAVAIRDEVCEN  Code  813,  Warminster  PA 

NAVAIRTESTCEN  PATUXENT  RIVER  PWD  (F.  McGrath),  Patuxent  Riv  .MD 
NAVAVIONICFAC  PW  Div  Indianapolis,  IN 

NAVCHAPGRU  CO  Williamsburg  VA;  Engineering  Officer,  Code  60  Williamsburg,  VA;  Operations  Officer, 
Code  30  Williamsburg.  VA 

NAVCOASTSYSCEN  CO,  Panama  City  FL;  Code  423  Panama  City,  FL;  Code  715  (J  Quirk)  Panama  City,  FL; 
Code  715  (j.  Mittleman)  Panama  City,  FL;  Code  719,  Panama  City,  FL;  Code  772  (C  B  Koesy)  Panama  City 
FL;  Library  Panama  City,  FL;  PWO  Panama  City,  FL 

NAVCOMMAREAMSTRSTA  Maint  Control  Div.,  Wahiawa,  HI;  PWO,  Norfolk  VA;  SCE  Unit  1  Naples  Italy; 
SCE.  Wahiawa  HI 

NAVCOMMSTA  CO,  San  Miguel,  R.P.;  Code  401  Nea  Makri,  Greece;  PWD  -  Maint  Control  Div,  Diego 
Garcia  Is.;  PWO,  Exmouth,  Australia;  SCE,  Balboa,  CZ 
NAVCONSTRACEN  Curriculum/Instr.  Stds  Offr,  Gulfport  MS 
NAVEDTRAPRODEVCEN  Technical  Library,  Pensacola,  FL 
NAVEDUTRACEN  Engr  Dept  (Code  42)  Newport,  RI 

N A VELEXSYSCOM  Code  PME  124-61,  Washington,  DC;  PME  124-612,  Wash  DC 
NAVEODTECHCEN  Code  605,  Indian  Head  MD 
NAVFAC  PWO.  Centerville  Bch,  Femdale  CA 

NAVFACENGCOM  Code  03  Alexandria,  VA;  Code  03T  (Essoglou)  Alexandria,  VA;  Code  043  Alexandria, 

VA;  Code  044  Alexandria,  VA;  Code  044B)  Alexandria,  VA;  Code  0451  (P  W  Brewer)  Alexandria,  Va; 

Code  0451,  Alexandria,  VA;  Code  0453  (D.  Potter)  Alexandria,  VA;  Code  0453C,  Alexandria,  VA;  Code 
0454B  Alexandria.  Va;  Code  04A1  Alexandria,  VA;  Code  06,  Alexandria  VA;  Code  100  Alexandria,  VA; 
Code  1002B  (J.  Leimanis)  Alexandria.  VA;  Code  1113,  Alexandria,  VA 
NAVFACENGCOM  -  CHES  DIV.  Cxle  101  Wash,  DC;  Code  405  Wash,  DC;  Code  407  (D  Scheesele) 
Washington.  DC;  Code  FPO-1C  Washington  DC;  Code  FPO-IE,  Wash.  DC;  Contracts,  ROICC,  Annapolis 
MD;  FPO-1  Washington,  DC;  FPO-1EA5  Washington  DC;  FPO-1P/1P3  Washington,  DC;  Library, 

Washington.  D.C. 

NAVFACENGCOM  -  LANT  DIV.  Code  405  Civil  Engr  BR  Norfolk  VA;  Eur.  BR  Deputy  Dir,  Naples  Italy; 
Library,  Norfolk,  VA;  RDT&ELO  102A,  Norfolk,  VA 

NAVFACENGCOM  -  NORTH  DIV.  (Boretsky)  Philadelphia,  PA;  CO;  Code  04  Philadelphia,  PA;  Code  09P 
Philadelphia  PA;  Code  1028,  RDT&ELO,  Philadelphia  PA;  Code  111  Philadelphia,  PA;  Code  405 
Philadelphia,  PA;  Library,  Philadelphia,  PA;  ROICC,  Contracts,  Crane  IN 


NAVFACENGCOM  -  PAC  DIV.  (Kyi)  Code  101,  Pearl  Harbor,  HI;  CODE  09P  PEARL  HARBOR  HI;  Code 
2011  Pearl  Harbor,  HI;  Code  402,  RDT&E,  Pearl  Harbor  HI;  Commander,  Pearl  Harbor,  HI;  Library, 

Pearl  Harbor,  HI 

NAVFACENGCOM  -  SOUTH  DIV,  Code  90,  RDTAELO,  Charleston  SC;  Library,  Charleston,  SC 
NAVFACENGCOM  -  WEST  DIV.  102;  Code  04B  San  Bruno,  CA;  Library.  San  Bruno,  CA;  O9P/20  San 
Bruno,  CA;  RDTAELO  Code  2011  San  Bruno,  CA 

NAVFACENGCOM  CONTRACTS  AROICC,  NAVSTA  Brooklyn,  NY;  ROICC,  Point  Mugu,  CA;  Colts  Neck, 
NJ;  Dir,  Eng.  Div.,  Exmouth.  Australia;  Eng  Div  dir,  Southwest  Pac,  Manila,  PI;  OICC,  Southwest  Pac, 
Manila,  PI;  OICC-ROICC.  NAS  Oceana.  Virginia  Beach,  VA;  OICC/ROICC,  Balboa  Panama  Canal; 
OICC/ROICC.  Norfolk,  VA;  ROICC  AF  Guam;  ROICC  Code  495  Portsmouth  VA;  ROICC  Key  West  FL; 
ROICC,  Diego  Garcia  Island;  ROICC.  Keflavik,  Iceland;  ROICC,  NAS,  Corpus  Christi,  TX;  ROICC, 

Pacific,  San  Bruno  CA;  ROICC.  Yap;  ROICC-OICC-SPA.  Norfolk,  VA 
NAVMAG  PWD  -  Engr  Div,  Guam;  SCE,  Subic  Bay,  R.P. 

NAVOCEANO  Code  3432  (J.  DePalma).  Bay  St.  Louis  MS;  Library  Bay  St.  Louis,  MS 
NAVOCEANSYSCEN  Code  4473  Bayside  Library,  San  Diego,  CA;  Code  4473B  (Tech  Lib)  San  Diego,  CA; 
Code  09  (Talkington).  San  Diego,  CA;  Code  5204  (1.  Stachiw),  San  Diego,  CA;  Code  5214  (H.  Wheeler), 

San  Diego  CA;  Code  5221  (RJones)  San  Diego  Ca;  Code  5322  (Bachman)  San  Diego,  CA;  Code  6700,  San 
Diego.  CA;  Hawaii  Lab  (R  Yumori)  Kailua.  HI;  Hi  Lab  Tech  Lib  Kailua  HI 
NAVPETOFF  Code  30,  Alexandria  VA 

NAVPGSCOL  C.  Morers  Monterey  CA;  E.  Thornton,  Monterey  CA 

NAVPHIBASE  CO,  ACB  2  Norfolk,  VA;  COMNAVBEACHGRU  TWO  Norfolk  VA;  Code  S3T,  Norfolk  VA; 
Dir.  Amphib.  Warfare  Brd  Staff.  Norfolk,  VA;  Harbor  Clearance  Unit  Two,  Little  Creek,  VA;  SCE 
Coronado.  SD.CA 

N A VRADRECFAC  PWO.  Kami  Seya  Japan 

NAVREGMEDCEN  PWD  ■  Engr  Div,  Camp  Lejeune,  NC.  PWO,  Camp  Lejeune,  NC;  SCE;  SCE,  Camp 
Pendleton  CA;  SCE,  Guam;  SCE,  Newport,  RI 
NAVSCOLCECOFF  C35  Port  Huenemc.  CA;  CO.  Code  C44A  Port  Hueneme,  CA 
NAVSCSOL  PWO.  Athens  GA 

NAVSEASYSCOM  Code  OOC-D.  Washington.  DC;  Code  PMS  395  A  3.  Washington.  DC;  Code  PMS  395  A2. 
Washington.  DC;  Code  SEA  OOC  Washington.  DC;  PMS-395  Al,  Washington,  DC;  PMS395-A3, 

Washington.  DC;  SEA  04E  (L  Kess)  Washington.  DC;  SEA05E1,  Washington.  D.C. 

NAVSECGRUACT  Facil.  Off..  Galeta  Is.  Panama  Canal;  PWO,  Adak  AK;  PWO.  Edzell  Scotland,  PWO, 

Puerto  Rico;  PWO,  Toni  Sta.  Okinawa;  Security  Offr,  Winter  Harbor  ME 
NAVSHIPREPFAC  Library,  Guam;  SCE  Subic  Bay 

NAVSHIPYD  Bremerton,  WA  (Carr  Inlet  Acoustic  Range);  Code  134,  Pearl  Harbor,  HI;  Code  202.4,  Long 
Beach  CA;  Code  202.5  (Library)  Puget  Sound,  Bremerton  WA;  Code  380,  Portsmouth,  VA;  Code  400, 

Puget  Sound;  Code  410,  Mare  Is.,  Vallejo  CA;  Code  440  Portsmouth  NH;  Code  440,  Norfolk;  Code  440, 
Puget  Sound,  Bremerton  WA;  L.D.  Vivian;  Library,  Portsmouth  NH;  PWD  (Code  420)  Dir  Portsmouth, 

VA;  PWD  (Code  450-HD)  Portsmouth,  VA;  PWD  (Code  457-HD)  Shop  07.  Portsmouth.  VA;  PWD  (Code 
460)  Portsmouth,  VA;  PWO,  Bremerton,  WA;  PWO,  Mare  Is.;  PWO,  Puget  Sound;  SCE,  Pearl  Harbor  HI; 
Tech  Library.  Vallejo,  CA 

NAVSTA  CO  Roosevelt  Roads  P.R.  Puerto  Rico;  Dir  Engr  Div,  PWD,  Mayport  FL;  Engr.  Dir..  Rota  Spain; 
Long  Beach,  CA;  Maint.  Cont.  Div.,  Guantanamo  Bay  Cuba;  Maint.  Div.  Dir/Code  531,  Rodman  Panama 
Canal;  PWD  (LTJG.P.M.  Motolenich),  Puerto  Rico;  PWD  -  Engr  Dept,  Adak,  AK;  PWD  -  Engr  Div, 
Midway  Is.;  PWO,  Guantanamo  Bay  Cuba;  PWO,  Keflavik  Iceland;  PWO,  Mayport  FL;  SCE,  Guam;  SCE, 
Pearl  Harbor  HI;  SCE.  San  Diego  CA;  SCE,  Subic  Bay,  R.P.;  Security  Offr,  San  Francisco,  CA;  Utilities 
Engr  Off.  Rota  Spain 
NAVSUBASE  SCE,  Peart  Harbor  HI 
NAVSURFWPNCEN  PWO,  White  Oak,  Silver  Spring,  MD 
NAVTECHTRACEN  SCE,  Pensacola  FL 

NAVWPNCEN  Code  2636  China  Lake;  Code  266,  China  Lake,  CA;  Code  3803  China  Lake.  CA;  ROICC  (Code 
702),  China  Lake  CA 

NAVWPNEVALFAC  Sec  Offr,  Kirtland  AFB,  NM 

NAVWPNSTA  (Clebak)  Colts  Neck,  NJ;  Code  092,  Colts  Neck  NJ;  Code  092,  Concord  CA;  Maint.  Control 
Dir.,  Yorktown  VA 

NAVWPNSTA  PW  Office  Yorktown,  VA 

NAVWPNSTA  PWD  •  Maint.  Control  Div.,  Concord,  CA;  PWD  -  Supr  Gen  Engr,  Seal  Beach,  CA;  PWO, 
Charleston.  SC,  PWO.  Seal  Beach  CA 
NAVWPNSUPPCEN  Code  09  Crane  IN 
NCTC  Const.  Elec.  School,  Port  Hueneme,  CA 

NCBC  Code  10  DavuviDe,  RI;  Code  15,  Port  Hueneme  CA;  Code  155,  Port  Hueneme  CA;  Code  156,  Port 
Hueneme,  CA;  Code  1571,  Port  Hueneme,  CA;  PWO  (Code  80)  Port  Hueneme,  CA;  PWO,  DavisviOe  RI 
NCBU  411  OIC,  Norfolk  VA 

NCR  20,  Code  R70;  20,  Commander;  30th  Det,  OIC,  Diego  Garcia  I 
NMCB  74,  CO;  FIVE,  Operations  Dept;  Forty,  CO;  THREE,  Operations  Off. 

NOAA  (Dr.  T.  Me  Guinness)  Rockville,  MD;  Library  Rockville,  MD 


NORDA  Code  4i0  Bay  St.  Louis,  MS;  Code  440  (Ocean  Rsch  Off)  Bay  St.  Lotus  MS;  Code  500,  (Ocean  Prog 
Off-Ferer)  Bay  St.  Louis,  MS 

NRL  Code  5800  Washington,  DC;  Code  5843  (F.  Rosenthal)  Washington,  DC;  Code  8441  (R.A.  Skop), 
Washington  DC 

NROTC  J.W.  Stephenson,  UC,  Berkeley.  CA 
NSC  Code  54.1  Norfolk,  VA 
NSD  SCE,  Subic  Bay,  R.P. 

NTC  OICC,  CBU-401,  Great  Lakes  IL 

NUCLEAR  REGULATORY  COMMISSION  T.C.  Johnson,  Washington,  DC 

NUSC  Code  131  New  London,  CT;  Code  332.  B-80  (J.  Wilcox)  New  London,  CT;  Code  EA123  (R.S.  Munn), 
New  London  CT;  Code  TAI31  (G.  De  la  Cruz),  New  London  CT 
OFFICE  SECRETARY  OF  DEFENSE  ASD  (MRAAL)  Code  CSS/CC  Washington,  DC 
ONR  Central  Regional  Office.  Boston,  MA;  Code  481,  Bay  St.  Louis,  MS;  Code  485  (Silva)  Arlington,  VA; 
Code  700F  Arlington  VA 

PACMISRANFAC  HI  Area  Bkg  Sands,  PWO  Kekaha,  Kauai,  HI 

PHIBCB  1  PAE,  San  Diego,  CA,  1,  CO  San  Diego,  CA;  1,  CSWC  D  Wellington,  San  Diego,  CA 
PMTC  Code  3144,  (E.  Good)  Point  Mugu,  CA;  Code  3331  (S.  Opatowsky)  Point  Mugu,  CA;  Code  4253-3, 
Point  Mugu,  CA;  EOD  Mobile  Unit,  Point  Mugu,  CA;  Pat.  Counsel,  Point  Mugu  CA 
PWC  CO  Norfolk,  VA,  CO,  (Code  10),  Oakland,  CA;  CO,  Great  Lakes  IL;  CO,  Peart  Harbor  HI;  Code  10, 
Great  Lakes,  IL;  Code  105  Oakland,  CA;  Code  110,  Oakland.  CA;  Code  120,  Oakland  CA;  Library,  Code 
120C,  San  Diego,  CA;  Code  128,  Guam;  Code  154  (Library),  Great  Lakes,  IL;  Code  200,  Great  Lakes  IL; 
Code  200,  Guam;  Code  400,  Great  Lakes,  IL;  Commanding  Officer,  Subic  Bay;  Code  400,  Pearl  Harbor,  HI 
Code  400,  San  Diego.  CA;  Code  420,  Great  Lakes,  IL;  Code  420,  Oakland.  CA;  Code  424,  Norfolk,  VA; 
Code  500  Norfolk,  VA;  Code  505A  Oakland,  CA;  Code  600,  Great  Lakes,  IL;  Code  700,  Great  Lakes,  IL; 
Code  700.  Norfolk,  VA;  Code  700,  San  Diego,  CA;  Library,  Guam;  Library,  Norfolk,  VA;  Library, 

Oakland,  CA;  Library.  Pearl  Harbor,  HI;  Library,  Pensacola,  FL;  Library,  Subic  Bay,  R.P.;  Library, 
Yokosuka  JA;  Utilities  Officer,  Guam  ;  Library,  Yokosuka,  JA;  Library,  Pensacola,  FL 
SUPANX  PWO,  Williamsburg  VA 
TV  A  Solar  Group,  Arnold,  Knoxville.  TN 
UCT  ONE  OIC,  Norfolk,  VA 
UCT  TWO  OIC.  Port  Hueneme  CA 

US  DEPT  OF  INTERIOR  Bur  of  Land  Mgmnt  Code  583.  Washington  DC 
US  GEOLOGICAL  SURVEY  Off.  Marine  Geology,  Piteleki,  Reston  VA 
US  NAVAL  FORCES  Korea  (ENJ-PAO) 

USCG  (G-MP-3/USP/82)  Washington  Dc;  (Smith),  Washington,  DC;  G-EOE-4  (T  Dowd),  Washington,  DC 
USCG  RAD  CENTER  CO  Groton,  CT;  D.  Motherway,  Groton  CT 

USDA  Forest  Products  Lab.  (R.  DeGroot),  Madison  WI;  Forest  Service  Reg  3  (R.  Brown)  Albuquerque,  NM; 

Forest  Service,  Bowers,  Atlanta,  GA;  Forest  Service,  San  Dimas,  CA 
USNA  ENGRNG  Div.  PWD,  Annapolis  MD;  PWO  Annapolis  MD;  USNA/Sys  Eng  Dept,  Annapolis,  MD 
USS  FULTON  WPNS  Rep.  Offr  (W-3)  New  York,  NY 
WATER  A  POWER  RESOURCES  SERVICE  (Smoak)  Denver.  CO 
GEORGIA  INSTITUTE  OF  TECHNOLOGY  (LT  R.  Johnson)  Atlanta,  GA 
NUSC  Library,  Newport,  RI 
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END 

DATE 

FILMED 

6-83 

DTIC 


